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SPECIFICATION 

To all whom it may concern: 

Be It Known, That We, Franklin Duan, a citizen of People's Republic of China, 
residing at 4271 N. 1 st Street, Apartment #21, San Jose, California 95134 and Subramanian 
Ramesh, a citizen of the United States, residing at 1148 Elmsford Drive, Cupertino, 
California 95014 and Ruggero Castagnetti, a citizen of Switzerland, residing at 152 Elliott 
Drive Menlo Park, California 94025 and have invented certain new and useful improvements 
in "Method and Apparatus for Characterizing Shared Contacts in High-Density SRAM 
Cell Design", of which We declare the following to be a full, clear and exact description: 
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BACKGROUND OF THE INVENTION 

1 Technical Field: 

The present invention relates to high-density memory design and, in particular, to testmg 
high-density memory cells with shared contact, Still more particularly, the present invent™ 
provides a method and apparatus for characterizing shared contacts in high-density memory cell 
design. 

2 Description of the Related Art: 

In the computer and electronics industry, there is a constant desire to make circuits, 
particularly integrated circuits, faster and smaller. Making circuits smaller allows many more 
components to be packed into a chip, increasing functionality and performance. Tins is 
particularlytrue with memory circuits. Increasing the density of components in a memory chip 
allows for many more memory cells to be fabricated in a memory chip, thus increasmg the 

1 5 amount of memory on chip. 

However, higher-density circuits pose several problems. In an integrated circurt, 
components are formed using channels of highly doped silicon, channels of polysilicon, and 
layers of insulation. Recently, the channel lengths have decreased from 400 nanometers (nm) to 
as small as 90 nm and will likely decrease even further. These small channel lengths allow 
2 0 components, particularly transistors, to be tightly packed. However, with these small channel 
lengths transistors andother components become more difficult to fabricate without defects. 

An application specific integrated circuit (ASIC) is a small circuit that may be 
programmed with customer logic. As the complexity of the customer logic increases, the amount 
of memory needed also increase, A system on chip (SoC) is an entire system on a single chip 
2 5 For example, a controller for a digital video disk (DVD) writer may be encompassed on a Single 
chip The amount of memory, such as static random access memory (SRAM) in a SoC or ASIC 
device has become largerand large, However, the memory core takes up real estate on the chip 
that maybe used for application specific logic. Therefore, it has become advantageous to build a 
very small production memory core cell. 
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b cder ,o achieve a s-naUec memory core eeU, it ha, become g e„era, practice <o adapt 

saves the space to render a smaller core cell. 

ace 

mma needs ,o be ch— ,o ensure ,be conned berween a, con «, .-. ~ 
island and the poly silicon. 
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SUMMARY OF THE INVENTION 



THep^.inven.ionprovides.es.s^resfor — <*M^«~* 

Ldcontacrcluinnrayhetneasured. A—- ^ 

I„ fft Lredcontac,. A tedaIr a y of ,e S ,oe«s is «,o previa Cain of shared co»« 
resistance on the island side of the shared contact. This resistance in the island side ^ ^ ^ 

resrstance Using fhe fourth array of test cells, a resistance in Are rsland connechon hne charn may 
^.heta.^dreddrea.rayinorder.ge.d.eaconrerevatoof* 

Jled. ThepTlyconneodonhnereai^isnseda.ad^on^*^^ 
.^ednonrlhefirstandteseoondareayinorderrogettheaconratevalnesofdae 



bei 

resistance i 
shared contact resistance. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Tfcenovelfeatur^^ 

claims The — itselfhow^^ . 
^le^willbestbe— d .y^ence to the follow^de^ descnp.cn of an 

ITaLn— ^ 

Figur es 1A and !B depict an exarnpie self-al lg nin g memory cell in accordance w.th a 

oreferred embodiment of the present invention; 

p r ^^>^^^" e,he T ,stanc r;:i 

oft Kepo,y.s I aeof, te sh^cc„,ac, i „— ewi^exe.p.ary^en.of.he 

ofthe shared cnntact on the is- * of the shared contact in accordanee with an eaemptary 
embodiment of the present invention; , fv ,,,, resistance 



20 



inVe " ,,0 ;«re 6 ID— a soppfementa, array of tes, cons and chain to citify the — 
orthe po,y connect tinea in accordance with an exempt embodrmen, ofthe present 

2 5 '^r. 7 depicts a test array connected ,0 probing pads for measnremen, by a testing 
device in accordance with a preferred embodiment of the present invents; 

Fig „ re 8 is a flowchart inostratmg a process fo, performing a resistance measurement 
accordance with a preferred embodiment ofthe present invention; and 



6 



LSI DOCKET NO. 03-1842 

Figure 9 is a flowchart illustrating a process for measuring shared contact resistance in a 
memory cell in accordance with a preferred embodiment of the present invent™. 
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DETAILED DESCRIPTION 

The description of the preferred embodiment of the present invention has been presented 
for purposes of illustration and description, but is not intended to be exhaustive or limited to the 
invention in the form disclosed. Many modifications and variations will be apparent to those of 
ordinary skill in the art. The embodiment was chosen and described in order to best explain the 
principles of the invention the practical application to enable others of ordinary skill in the art to 
understand the invention for various embodiments with various modifications as are suited to the 

particular use contemplated. 

With reference now to the figures and in particular with reference to Figures 1A and IB, 
an example self-aligning memory cell is shown in accordance with a preferred embodiment of 
the present invention. The self-aligning memory cell includes highly doped P+ type silicon 
channels 102 and highly doped N+ type silicon channels 104. The doped channels are called 
diffusion. The cell is covered with insulation and polysilicon channels 106, 108, 110 are 
positioned over the insulation. Polysilicon (poly) is silicon in a polycrystal state. The poly is 
similar in conductivity to metal. An overlap of diffusion and poly forms a gate. Thus, transistors 
122, 124 are formed at the overlap of the highly doped N+ type silicon channels 104 and the poly 

106, as known in the art. 

In a preferred embodiment of the present invention, the memory cell shown in Figure 1A 
is self-aligning. Contact pads in the cell include normal square contact pads, such as contact pad 
122, and shared contact pads 124, 126. Shared contact pad 124 connects p-doped island 102 to 
poly 110. Shared contact pad 126 connects n-doped island 104 to poly 108. 

In a preferred embodiment of the present invention, test cells may be built based upon 
this actual self-aligning memory cell. When test cells are fabricated in an array, a plurality of 
components, such as shared contact pads 124 and 126, can be connected in series and tested 
together. As such, the memory cell shown in Figure 1 A is self-aligning to allow for an improved 
test array. Figure IB illustrates an example self-aligning memory cell with metal layer 130. 

Figure 2 illustrates a main array of test cells and chain to measure the resistance of shared 
contact connecting the p-doped island to the poly in accordance with an exemplary embodiment 
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of the present invention. Tne test cel. is built based on the original core cell, with slight 
edifications in order to build a chain of shared contact resistance. The teal cella a* arranged » 
an array of repeating, se.f-afigning cells. For example, test cell boundary 208 surrounds 
test cells. The test array may typically include thousands of such cells to truly reflect the teal 

"'"^Shared con.net 204 connects poly 202 and p-doped island 206. The path of the chain 
flow 220 is a>so iUustrated aa an arrowed path through the tea, array. Since the test cel. ta bufl. 
based on the SRAM cote cell, the shape and connection of the shared contact with poly and 
island closely resembles the tea! core cell topology, so aa to ensure an accurate measurement of 
the shared contact resistance. The path of chain flow 220 may follow the row of tea. cells and 
also snake back and fort through each tow of the test array, flowing through each shared contact 

of interest. . 

Figure 3 illustrates a supplemental amty of tea, cells and chain to measure the reststance 

of the poly-aide of the shared contact in accordance with an exemplary embodiment of the 
present invention. Again, the test cell is buil, based on the original core cel., wrth sltgh, 
lomfications in orde, to build a chain of poly-sid. resistance. A meta, line 306 is used to bypass 
,he island connection so mat only the contact between poly and me shared contact ,s measured. 

Shared contact 304 connects P o,y 302 and meta. 306. The path of the chain flow 320 ta 
IUustrated aa an arrowed pad, through the feat array. Even with me shght modifications the , « 
, cell ia built baaed on the SRAM core cell Therefore, the shape and connection of the shared 
contact with polyand island closely resembles the real cote cefl topo.ogy, a„ aa to ensure an 
accurate measurement of the po,y-s,de resistance in me shared contact. The path of chant flow 
320 may foUow the towof.es. cells and a,so snake back and form through each rowofthe test 
array, flowing .hrough each shared contact of interest. This supplemental structure may be used 
5 ,„ differentiate whether a high resistance comes ftom the poly-side of the shared contact. 

F1 g„.e 4 ifius.ra.es a supplement array of.es, ce.ls and chain .o measure me reststance 
of the shared eontao, on the island side of me shared contact in accordance with an exemplary 

with slight modifications in order to build a chain of ishtnd-side reststanoe. A metal hue .a 
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used to bypass the poly connection in the chain so that only the resistance between the shared 

contact and the island is measured. 

Shared contact 404 connects p-doped island 406 and metal 402. The path of the chain 
flow 420 is illustrated as an arrowed path through the test array. Even with the slight 

5 modifications, the test cell is built based on the SRAM core cell. Therefore, the shape and 
connection of the shared contact with poly and island closely resembles the real core cell 
topology, so as to ensure an accurate measurement of the island-side resistance in the shared 
contact The path of chain flow 420 may follow the row of test cells and also snake back and 
forth through each row of the test array, flowing through each shared contact of interest. This 

l o supplemental structure may be used to differentiate whether a high resistance comes from the 

island-side of the shared contact. 

Figure 5 illustrates a supplemental array of test cells and chain to quantify the resistance 
of the island connection lines in accordance with a preferred embodiment of the present 
invention. As seen in Figure 2, part of the resistance measured from the chain is from the rsland 

15 connection. The resistance of this portion should not be counted for the shared contact resistance 
and should be subtracted from the measured value. 

The test cell is built based on the original core cell, with slight modifications in order to 
remove poly from the chain. A metal line 508 is used to bypass the island connection in the 
chain so that only the resistance between the shared contact and the island is measured. Shared 

2 0 contact 502 connects to p-doped island 504. The path of the chain flow 520 is illustrated as an 

arrowed path through the test array. 

Even with the above-described modifications, the test cell is built based on the SRAM 
core cell Therefore, the shape and connection of the shared contact with the island connection 
lines closely resembles the real core cell topology, so as to ensure an accurate measurement of 
2 5 the island connection lines resistance. The path of chain flow 520 may follow the row of test 
cells and also snake back and forth through each row of the test array, flowing through each 
island connection line of interest. This supplemental structure may be used to quantify the 
resistance of the island connection and to subtract this measured resistance form the shared 
contact resistance measured in the test structure of Figure 2. 
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Figure 6 illustrates a supplemental array of test cells and chain to quantify the resistance 
of the poly connection lines in accordance with an exemplary embodiment of the present 
invention. As seen in Figure 2, part of the resistance measured from the chain is from the poly 
connection line. The resistance of this portion should not be counted for the shared contact 
resistance and should be subtracted from the measured value. 

The test cell is built based on the original core cell, with slight modifications in order to 
remove the shared contact and n-doped channels from the chain. A poly connection line 602 is 
added to provide a poly connection chain through the test cell so that only the resistance of the 
poly connection line is measured. The path of the chain flow 620 is illustrated as an arrowed 
path through the test array. The path of chain flow 620 may follow the row of test cells and also 
snake back and forth through each row of the test array, flowing through each poly connection 
line of interest. This supplemental structure may be used to quantify the resistance of the poly 
connection and to subtract this measured resistance form the shared contact resistance measured 

in the test structure of Figure 2. 

Figure 2 illustrates the main test structure and Figures 3-6 illustrate supplemental test 
structures to Figure 2. The supplemental test structures help to detail and differentiate the results 
obtained using the test structure of Figure 2. Using the same techniques, the shared contact to n- 
doped island and poly in the SRAM core cell may be characterized as well. 

Figure 7 depicts a test array connected to probing pads for measurement by a testing 
device in accordance with a preferred embodiment of the present invention. Pad 1 702 and pad 2 
704 provide probing points for testing device 720. Probe 722 contacts pad 1 702 and probe 724 
contacts pad 2 704. Pad 1 is connected to test array 706 through metal line 708. Pad 2 is 
connected to test array 706 through metal line 710. 

Testing device 720 measures the resistance of the test array by providing current through 
probes 722, 724. The test array 706 may be the main test structure or any one of the 
supplemental test structures. Using the various measurements, the testing device may obtain an 
accurate determination of shared contact resistance. The testing device may also determine how 
much shared contact resistance comes from the poly-side and how much comes from the island- 
side. 
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Fig „re 8 is a flowchart fllus.ra.ing a process for performing a reside measuremen. in 

t e S ,cel l s,ba S edonMorig i na l corece,, ; .obnfldachainofco m ponen.resis«ee(s.ep 8 4,A 

met a. Une is applied .o bypass components, if necessary (,ep 806) and apoly line .s appbrf .o 
byp assconrponen,s, if necessary (,ep 808). Then, a. ^ applied cur^nto Are «e, array (step 
«„ ard measures fh. resi,a»ce in a charu .hrough .he M array (s.ep 812). Thereafter, ftre 

^Cr. 9 is a flowchart illns.ra.rng a process for measuring shared comae, resishrnce in a 
me mory oell in aecordance w,.h » preferred emhodimen. of .he presen. invention. The process 
begins and provides an artay of .e, cefts, baaed on an original core ce„, .o hnfld a c am of 
sh l comae, resistance (step 902, Then, a .cs.cr measures rcsislance in me shared comae, 

(st ep M 6).A.e,,ermeasn,. S res is ,»e in .he pol,s.deof.he shared co»«.mmecham(s^ 
Z Then, .he process detemunes how much re.is.nce comes ftom .he po.yside of.be shared 
comae, (step 9.0). Thereafter, me process pnavides an artay of.es. cells .0 build a chW 
islaa d-side resistance (step 912). A .ester measures resistance in the ,s,and stde o,«he sha^d 
comae, in me chain (step 9.4). Then, me process de.cn.ines bow much res,rtance comes ftom 

> ,teU!md - Siie0fteSh ^ COnaC, rZyof.es.ce,.s,obui,dachainofisla„dco»nec ta 
Thereafter, the process provides an array of test cells to duuu 

bne resistance (step 9.8). A tester measures ,he island connection line — in .he chatn 
(st ep 920) and ,he process s„b«tae.s ,he is,and eonnectton line resistance ftom the meaaured 
bl col resistance (step ,22). Next, .be process provtdes an artay of .est cells ,0 bu d a 
5 cbainofpo,yeonnecdon.i»eresis,anee(s.ep924).A.«s.ermeaames.bepo,yconnecnonb»e 

stance in .he chain (,ep 926) and .he process subrtaCs the po,y connecdon line reststance 

fto m the measured shared contact resist (step 928). Thereafter, .he process end, 

A s mepr^n«mven. 1 o„providea,es.s tra c«mes,ha«arebasedo»»non g ,nalmemo^ 

core cefl, .he shape and connection of .he shared comae, with po!y and island closely resembles 
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the real core cell topology, so as to ensure an accurate measurement of the shared contact 
resistance. Due to variation of the optical proximity correction (OPC) on the layers of contact, 
island, and poly, different environment and/or density of the shared contact, regular contact, 
island, and poly may render difference on the size of contact and its touching area on silicon and 
poly. The present invention places the shared contact in as close an environment to an actual 
memory core as possible. The present invention also allows one to differentiate which side of the 
shared contact resistance (contact to poly or contact to island) is high, if the measured contact 
resistance is high, hence to provide a very constructive guidance for the layout design and/or 
process adjustment. Furthermore, the present invention allows one to quantify the resistance of 
shared contact to island and shared contact to poly separately. 



